Adolescents diagnosed with cancer are at increased risk for current and future health problems and premature death. As such, it is important to foster the development of healthpromoting behaviors that may ameliorate some of this risk. Specific attention has been given to diet and physical activity, as these are behaviors that can be directly controlled and modified by the survivor. Despite the importance of adequate nutrition and physical activity, a large proportion of adolescents with a history of cancer do not meet recommended guidelines for these health behaviors. The current review summarizes the beneficial effects of diet and physical activity in adolescent cancer patients both during and after treatment, evaluates interventions that have been developed to address these behaviors, and provides recommendations for future strategies on how to improve these behaviors in this population. A structured literature review identified ten empirical articles examining diet and/or physical activity interventions in adolescents with a history of cancer. While several interventions aimed at increasing diet and physical activity in this population have been successful, more research is needed to evaluate long-term maintenance of health behaviors, as well as the impact these behavioral changes have on adolescents as they continue into adulthood. Future interventions should incorporate key elements of adolescent development including individualized and specific intervention components and the incorporation of both peer and family support to increase saliency and long-term commitment.
Introduction
individuals under the age of 20 are diagnosed with cancer each year in the USA. 1 Over 80% of these patients will be cured of their cancer based on new and refined treatment protocols that have resulted from the collaborative organization of care across national and international clinical trials. Despite the significant improvement in survival rate, treatment has drawbacks, as its effects are felt both during active treatment and throughout survivorship. During treatment, child and adolescent cancer patients may experience significant effects of medical treatment, including nausea, fatigue, pain, loss of appetite, and decreased health-related quality of life. 2, 3 Following treatment, these survivors continue to be at risk for late effects, such as high risk of early mortality from second cancers, cardiac complications, and pulmonary conditions. 4 Research indicates that two-thirds of survivors experience at least one physical or psychological late effect following treatment for childhood cancer. 5 Additionally, long-term childhood cancer survivors are over eight times more likely to die prematurely when compared with age-and sex-matched peers in the general population. 4 Given that children and adolescents diagnosed with cancer are at increased risk for current and future health problems and premature death, it is important to foster the development of health promoting behaviors that may ameliorate some of this risk. Specific attention has been given to diet and physical activity (PA), as these are behaviors that can be directly controlled and modified by the survivor. Consuming a nutritionally balanced diet high in fruits and vegetables and lower in fat, as well as engaging in recommended amounts of PA may shield survivors from some of the late effects related to their cancer diagnosis and treatment. In the general population, balanced nutrition and adequate PA can lower risk for obesity, heart disease, cancer, stroke, and diabetes, as well as promote growth and development during childhood. 6 Additional specific benefits of PA have been noted in child and adolescent survivors of cancer.
Findings indicate that higher PA is associated with better health-related quality of life across the domains of physical, social, and cognitive functioning in childhood cancer survivors. 7 Further, two recent exercise intervention trials designed for children and adolescents with cancer found that participation in each of the interventions was associated with improved fitness, muscular strength, and mental health, as well as reduced fatigue. 8, 9 Given the importance of diet and PA to childhood cancer survivors' long-term health and well-being, it is essential to encourage these behaviors as early in development as possible. Adolescence is a particularly crucial time during which these behaviors may have a large impact, both in terms of physical development and the development of lifelong habits related to these health behaviors across the lifespan. Therefore, given the crucial role of these behaviors during adolescence for those with cancer, the current review summarizes the beneficial effects of diet and PA in adolescent cancer patients both during and after treatment, evaluates the success of interventions that have been developed to address these behaviors, and provides recommendations for future strategies on how to improve these behaviors in this population. Specific attention is given to interventions aimed at adolescents both during active treatment and in the survivorship period.
Importance of diet and PA for adolescents with cancer
Adolescence is a period of rapid physical growth resulting from the simultaneous release of various growth, thyroid, and sex hormones. 10 At the most rapid period of growth following childhood, adolescents grow at a rate nearly identical to that of a toddler, during which time bones become harder, muscle development increases, and heart and lungs increase in both size and capacity. 11, 12 To achieve optimal physical growth and development, adolescents require adequate nutrition as well as PA to support muscle development and bone health. 13, 14 When a child or adolescent is diagnosed with cancer, normal growth and development can be undermined as a result of both the cancer and treatment-related toxicity. Not only are adolescents with cancer or childhood cancer survivors in need of adequate nutrition and PA to support typical development, but they are in even greater need of support for their development in the context of their cancer diagnosis and treatment. 15 Although many associate cancer with weight loss and cachexia, such symptoms are generally confined to later-stage or more advanced disease, and over a third of survivors who are normal weight prior to diagnosis are considered overweight by the end of treatment. 16 Weight gain and adverse body composition change that favors the accumulation of adipose tissue at the expense of lean body mass is particularly pronounced with treatment for specific brain tumors, acute leukemias, and lymphoma. 17, 18 As a result, child and adolescent cancer survivors exhibit several known risk factors for metabolic syndrome, including enlarged waist circumferences and increased body mass index measures, and high triglycerides and low-density lipoprotein cholesterol compared with their healthy siblings. 19 Finally, compared with peers with no history of cancer, adolescent and young adult cancer survivors report a significantly higher prevalence of obesity, cardiovascular disease, hypertension, asthma, and poor general physical health, highlighting the importance of lifestyle choices on long-term health and well-being in this population. 20 Despite the increased need for adequate nutrition and PA, a large proportion of adolescents with a history of cancer do not meet recommended guidelines for these health behaviors. In terms of nutrition, 39%-94% of survivors of childhood cancer do not meet national recommendations for dietary intake. 21 Common deficiencies include calcium, vitamin D, folate, and iron, many of which play an important role in cardiovascular health and bone development. 22, 23 Research also indicates that over half of childhood cancer survivors consume more than 110% of their estimated energy needs on a daily basis, creating a risk for undue weight gain. 23 A review conducted by Stolley et al found that childhood cancer survivors of all ages reported largely unhealthy dietary habits, with specific concern for low fruit and vegetable intake, low calcium intake, and high fat intake. 24 These data, taken together with endocrine and metabolic effects secondary to several cancer types and treatment regimens, can greatly increase risk for childhood obesity. 23 Demark-Wahnefried and colleagues reported that younger childhood cancer survivors (ie, those ,18 years old) were more likely to meet calcium guidelines and eat five or more daily servings of fruits and vegetables compared with childhood cancer survivors who were older (ie, .18 years old), thus calling for early interventions that are able to "catch" poor dietary habits before they become ingrained. 25 Similar to dietary behaviors, a large proportion of childhood cancer survivors do not meet PA recommendations. 24, 26, 27 The PA of child and adolescent cancer survivors is generally classified according to Center for Disease Control and Prevention recommendations of at least 60 minutes of moderate to vigorous activity per day at least 5 days per week. 28 Almost all published data indicate that less than 50% of childhood cancer survivors meet these PA guidelines. 24, 27 Data also suggest that these survivors are less active than healthy comparison groups. 24, 27 In light of evidence suggesting that child and adolescent cancer survivors take in more than their estimated energy needs, this deficit in PA may compound survivors' risk for obesity, metabolic syndrome, bone-density deficiencies, and cardiovascular problems.
Systematic evaluation of diet and PA interventions
To better understand the strategies used to target improvements in diet and PA, a systematic search of PubMed, Medline ® , and PsycINFO ® was conducted for studies published prior to October 2013. The search consisted of the subject headings and text words: "childhood cancer" or "pediatric cancer" combined with each of the following: "health behaviors", "lifestyle", "diet", "nutrition", "PA", " exercise", and "intervention". All search results were limited to English language. A secondary search was conducted by manually reviewing the reference sections of the identified manuscripts. After obtaining all relevant manuscripts, abstracts were screened to ensure applicability to the topic. Manuscripts were excluded if they did not 1) report on an intervention addressing diet and/or PA; 2) include adolescents, defined as children between the ages of 11 and 19 years, either receiving treatment for or survivors of cancer; and 3) include a sample size of at least ten childhood cancer survivors and/or patients on active treatment for childhood cancer.
Of the ten interventions targeting adolescent nutrition and PA, one addressed both diet and PA, two addressed diet only, and seven addressed PA only. Interventions were heterogeneous across sample sizes (range =9-251), ages (range =3-30 years of age), diagnoses (acute lymphoblastic leukemia, brain tumor, mixed diagnoses), and targeted points of intervention (on-treatment, immediate post-completion of treatment, long-term survivorship). Specific details on the studies are presented in Table 1 . The interventions and associated outcomes within the specified behaviors are addressed following.
Diet
Dietary behavioral interventions aimed at adolescents are limited. Of the two identified interventions, one dietary intervention aimed to improve bone health in a sample of 75 adolescent and young adult survivors who were one or more years off-treatment. Through a half-day behavioral workshop, the intervention aimed to increase participants' awareness of cancer late-effects; reduce barriers to, and increase perceived benefits of, health-promoting behaviors; and improve self-efficacy to lead a healthy lifestyle with a specific emphasis on promotion of good bone-health habits. 29 At 1-month follow-up, average milk consumption frequency (intervention =3.36, standard deviation [SD] =0.72 versus control =2.93, SD =0.88) and past-month calcium supplementation (percent with any calcium supplementation 1-month post-intervention: 82.9% Intervention group versus 24.1% control group) were significantly greater in the intervention group compared with in the control group. At 1-month follow-up, the intervention group reported a 53.9% increase in participants with any calcium supplementation across the previous month compared with baseline, while the control group showed an increase of 2.5%. Neither long-term maintenance of bone-health behavior change nor impact on bone density was evaluated.
The second study to include diet as an outcome consisted of a randomized, controlled psychoeducational intervention that encouraged adolescent survivors to select one target health behavior known to be associated with cancer risk for improvement. No significant changes in survivor-selected health behavior changes related to diet were found following the year-long intervention and, interestingly, survivors in the intervention group showed a nonsignificant downward trend related to improved nutrition compared with survivors receiving standard of care (change score: intervention group =−0.10 versus standard of care group =0.01). 30, 31 However, the findings of this study are complicated by non-validated means of assessing dietary intake and expressed concerns that the intervention was delivered in a clinical setting that may have been distracting, if not anxiety provoking. For those studies targeting PA in adolescent survivors, four of the six interventions showed significant change in outcomes related to PA following completion of the intervention. [32] [33] [34] [35] Of the studies reporting significant improvements, the majority included both psychoeducational and behavioral training components and involved trained interventionists to ensure participant adherence with the intervention. With the exception of the 4-day, adventure-based, PA-promoting intervention of Li et al, 34 successful interventions occurred across multiple weeks (range =6-16 weeks) and included a mix of both supervised and unsupervised PA sessions allowing participants to practice learned PA skills at home. Unfortunately, measured outcomes across interventions were variable, with some interventions relying on caregiver-or survivor-reported outcomes and others focusing on objective physiological data. Of the three interventions reporting objective physiological outcomes, results were equivocal for fitness tests including functional mobility, strength, and endurance. 32, 33, 35 Of note, one study assessed markers of metabolic syndrome, a known risk in survivors of childhood cancer. 33 In this 16-week homebased exercise program, results indicated that, immediately following the intervention, fasting plasma insulin (P=0.01), insulin resistance (P=0.002), waist circumference (P=0.003), waist-to-hip ratio (P=0.002), fat percent (P=0.04), and supine diastolic blood pressure decreased (P=0.03). These outcomes were supported by concurrent changes in fitness testing including peak oxygen uptake and maximal workload, which both increased by 5% (P=0.01 and P=0.002, respectively), and muscle strength (sit-up test [P=0.01], back extensor test [P=0.002], full squatting test [P=0.0004]). Long-term maintenance of PA and related outcomes were not assessed.
Interventions conducted with adolescents receiving treatment for cancer showed more consistent results, with all three studies reporting significant change on one or more outcomes following the intervention. Keats and Culos-Reed 35 conducted a 16-week group PA and educational intervention that resulted in increased self-reported PA, improved quality of life, and improved fatigue following completion of the study. 35 Long-term maintenance of PA and fatigue gains were not sustained, though quality of life remained higher at the 12-month follow-up. Adherence across the 16-week intervention was 81.5%, further supporting the feasibility of PA interventions for adolescents receiving active cancer treatment.
The remaining intervention conducted with adolescents receiving active treatment was a physical therapy intervention implemented at diagnosis for patients with acute lymphoblastic leukemia (ALL). 36 This intervention consisted of inpatient physical therapy evaluations and sessions during hospital admissions at multiple time points throughout treatment coupled with recommended exercises to be completed by the patient at home. Adherence was variable, which is not surprising given the lengthy time of treatment and significant complications that can occur during treatment for ALL. Participants were evaluated at diagnosis, 32 weeks post-diagnosis, 1 year post-diagnosis, at the cessation of treatment (approximately 2 years post-diagnosis), and 1 year posttreatment. Results indicated that body fat increased equally for all patients during treatment; however, participants who completed the intervention showed a more rapid decline of excess body fat following treatment compared with those receiving standard care (P=0.013). One year following completion of treatment, the percentage of body fat had decreased in the intervention group (change in percent body fat of −1.08 SD scores) to a greater degree than in the control group (change in percent body fat of −0.49 SD scores [P=0.013]). This is significant given the potential for excess weight gain during treatment for ALL followed by steady increases in weight through survivorship for some patients. While preliminary, this study suggests that interventions delivered during active therapy may help adolescents maintain or improve PA behaviors during treatment, thus preventing or blunting some of the more common physical deficits known to be associated with these diagnoses.
Recommendations
While several interventions have had promising results regarding the benefit of nutrition and PA interventions in adolescents with a history of childhood cancer, several issues must be considered. When considering these results in their entirety, it is important to note that the reported outcomes from several studies were limited due to small sample sizes and variable adherence rates. [32] [33] [34] [35] Additionally, the absence of long-term follow-up to assess maintenance of dietary Clinical Oncology in Adolescents and Young Adults downloaded from https://www.dovepress.com/ by 54.70.40.11 on 14-Dec-2018 For personal use only. and PA changes prevents drawing conclusions as to the intervention strategies and components necessary to improve durable changes in these behaviors. Specifically, only two studies evaluated long-term maintenance of PA behavior changes and the results were mixed. 34, 35 Self-reported PA, self-efficacy, and quality of life in the Li et al study 34 and self-reported quality of life alone in the Keats and Culos-Reed study 35 were maintained at 9 and 12 months, respectively. However, objective increases in physical fitness and/or concurrent fitness levels were not maintained, suggesting that interventions may need to modify or include additional components to increase long-term maintenance. Moreover, the discrepancy in findings also points to a need for the inclusion of objective measures during all time points.
Despite the lack of conclusive evidence to direct the development of interventions aimed at increasing diet and PA in adolescents with cancer, several recommendations are offered here for implementation and evaluation in future studies. While successful interventions include both educational and behavioral components and afford adolescents opportunities for skill development with trained professionals as well as at home or in the community, specific recommendations related to adolescent development may compliment these supported elements. First, the presentation and delivery of key intervention components should be tailored to the developmental stage associated with adolescence. During adolescence, individuals move from concrete thinking patterns to more abstract, logical thought processes while still being primarily self-focused, especially during early adolescence. Following this, engaging an adolescent in the development of his or her own individualized PA and nutrition plan could increase both the saliency of the intervention as well as the individual's motivation and commitment to change. Thus, strategies may include the following: providing a rationale for why lifestyle changes are indicated, taking into account diagnoses and treatment information; defining change goals that are important to the adolescent and what changes they are willing to make; and, finally, providing guidance as to the specific ways in which they could implement these changes into their daily lifestyle given their current familial, social, and environmental context.
Additionally, as adolescents are beginning to form their own self-identity and associate more with their peers as opposed to their parents, the incorporation of peer social support in interventions may be important in addition to parental support. Research indicates that both family and peer support are unique predictors of adolescent cancer survivors' PA levels. 37 Interventions that incorporate peer support for adolescents may improve the outcomes of interventions on two levels -first, by increasing the direct impact of the intervention on the survivor through peer encouragement for and engagement in diet and PA changes, and, second, via ongoing accountability and social support after the intervention for continued engagement in a healthy lifestyle. Particularly salient to adolescents may be the engagement of peers through current technological means, including social media or smartphone applications that could allow for instantaneous and ongoing peer support. Moreover, these interventions overcome barriers of travel and distance, which are significant for this patient population.
Finally, the timing of the intervention should be considered. While evidence exists in support of interventions delivered at any time point in the cancer journey, the most effective interventions may be those aimed at adolescents prior to the onset of deficits or noted declines in key health behaviors. For this population, interventions introduced at diagnosis or shortly thereafter and incorporated as a standard of care for any child or adolescent undergoing treatment for cancer could prevent or at least mitigate the adoption of poor behaviors and subsequent late effects. Since over 90% of children and adolescents diagnosed with cancer in the USA are treated at Children's Oncology Group (COG) affiliated institutions, offering these interventions within the context of the COG could also serve as a uniform means of dissemination. 38 Because of this collaborative and systematic system of care for children and adolescents diagnosed with cancer, it is foreseeable that comprehensive health behavior interventions could be delivered in conjunction with standardized treatment protocols, thus reaching the majority of children and adolescents with cancer. Similar to the refinement of treatment protocols within COG member institutions, behavioral interventions could benefit from collaborative data sharing, allowing for ongoing development, evaluation, and refinement of these interventions, especially with regard to timing, dosing, and delivery.
Conclusion
Diet and PA play a vital role in the development of adolescents with cancer or those who have been treated for cancer during their youth. Educating survivors on the importance of these behaviors, both for their typical development and in the context of their cancer diagnosis and treatment, is important and may help prevent both acute and late effects related to the cancer journey. While several interventions aimed at increasing diet and PA in this population have been successful, more research is needed to evaluate the long-term maintenance of health behaviors, as well as the impact these Clinical Oncology in Adolescents and Young Adults downloaded from https://www.dovepress.com/ by 54.70.40.11 on 14-Dec-2018 For personal use only.
behavioral changes have on adolescents as they continue into adulthood. Future interventions should incorporate key elements of adolescent development, including individualized and specific intervention components, and peer and family support, to increase saliency and long-term commitment. Finally, collaborative efforts in the development, implementation, and evaluation of these interventions should be coordinated within the childhood cancer professional community to ensure that the greatest numbers of patients are reached with the highest impact possible.
